Abstract. This paper discusses a new approach to build infrastructures for ELearning systems for Learning Software Organizations on the basis of Web Services. A requirements context is developed to determine which type of ELearning applications that can be Web Service Enabled. This is illustrated with a case study on an Encapsulated Software Teaching Environment. Additional facilities, such as didactical agents and deep personalization to facilitate Learning Software Organizations are discussed at the end.
Introduction
The Web Services technology has introduced a revolution in the way how software component interfaces can be invoked over the Internet by means of the XMLmessage-based SOAP protocol [1] . The commercial deployment of Application Service Provider (ASP) type of Web Services [2] seems to take off slower. Nevertheless, the concept to provide access to complex applications through (extreme) Thin Clients is very appealing in terms of lowering the Total Cost of Ownership. In particular, for Learning Software Organizations, support costs of the learning infrastructure can dramatically be reduced.. This paper will explore the possibilities of Web Services for building E-Learning applications that may provide a better infrastructure for Learning Software Organizations. In Section 2 a requirements context is presented to select E-Learning applications that can be based on Web Services. Not every learning application can be Web Service enabled. In Section 3 a major learning environment case study is reported, where first year economics students are exposed to basic software concepts based on a strict object-oriented approach. Finally Section 4 explores some further developments, discussing the added value of didactical agent technology and deep personalization. These features are particularly relevant for Learning Software Organizations, because they allow the environment to learn from the learners behavior, and make the learning process more effective.
Web Services and Education Environments
Whenever education institutes decide to add computer-based training elements to their courses, and introductory first-year courses in particular, they may face some significant organizational problems. In particular, in a typical non-computer science department, such as economics students, the computer background of the average student is limited to Web surfing and using Text editors and Spreadsheets. Installing and running a (learning) software environment is not an easy process for this type of students. Moreover, first-year students are typically huge groups. In general, the following set of requirements holds for this type of education environments:
a. The education environment should have a simple installation and configuration procedure. b. The education environment should provide maximal usability for the students, based on intuitive as well as defensive style of User Interfaces. c. The education environment should provide clearly structured, step-by-step simple exercises. d. The education environment should allow the student to construct solutions for the exercises, whereby the education environment should contain hints and/or guidance in the construction of the solutions. e. The education environment should support maximal automation in the process of creating, changing, maintaining and distributing exercises. f. The education environment should require minimal maintenance from a technical infrastructure point of view. g. The education environment should integrate in a frictionless fashion with other Internet or Intranet based education tools.
Traditional education environments make use of a physical distribution of the training programs (e.g. distributing CDROM's) or a distribution through Websitebased downloading of the educational software. This solution may result in significant Total Cost of Ownership (TCO) disadvantages. Every student needs a workstation that is powerful enough to support the software. Moreover, the (educational) support staff may suffer from a serious load in terms of installation or technical support questions on behalf of the students. Also, the CDROM as well as the Web-download distribution may result in situations where multiple, potentially conflicting versions of the education environment must be supported. It is also cumbersome to distribute corrections, modifications and additional exercises.
The idea of using Web technologies and server-based education environments is not new as such. One successful development is Ceilidh, which meanwhile evolved in Coursemarker [5] . However, the specific capabilities of Web Services as a new innovative technology, create the opportunity to reduce significantly the Total Cost of Ownership and the organizational effectiveness of education environments. Perhaps the most interesting aspect of Web Services is the fact that they enable a single point of control in an easy way. The center is a Web-based server infrastructure, which eliminates the need to distribute (any) software to the client computers.
Not every education tool can be transformed into a Web Services based implementation. These are some context requirements that make it easier for a learning environment to transform it into a Web Service:
